Acacia Nilotica seed shell ash supported Ni 0.5 Zn 0.5 Fe 2 O 4 magnetic nanoparticles were synthesized by a low-cost, simple, and environmentally benign procedure. The adsorbent was characterized by several methods including X-ray diffraction, scanning electron microscopy and Fourier transform infrared spectroscopy. Then, the potential of Acacia Nilotica seed shell ash supported Ni 0.5 Zn 0.5 Fe 2 O 4 magnetic nanoparticles was investigated for adsorption of Pb(II). The effect of different parameters including contact time, pH, adsorbent dosage and initial Pb(II) concentration on the Pb(II) removal yield was studied. The experimental data were fitted well with the pseudo-second order kinetic model (R 2 ¼ 0.999). The adsorption isotherm was described well by the Langmuir isotherm (R 2 ¼ 0.900) with a maximum monolayer adsorption capacity of 37.6 mg g -1 . The process for purifying water treatment presented here is easy using the magnetic nanoparticles. Therefore, this adsorbent was found to be useful and valuable for controlling water pollution due to Pb(II) ions.
INTRODUCTION
The presence of heavy metals in water resources has been an attractive subject for scientists due to their increased leakage, toxic nature, and other harmful effects (Volesky ) . Lead is used in many important industrial usages, such as storage battery fabricating, printing pigments, fuels, photographic materials, and explosive fabrication ( Jalali et al. ) . The effects of lead toxicity are very extensive and include defective blood synthesis, hypertension, intense stomach-ache, brain, and kidney damage were carried out to test optimum conditions. The characterization of the adsorbent was described by Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and scanning electron microscopy (SEM) analyses. atomic absorption spectrophotometer.
MATERIALS AND METHODS

Analytical
Experimental
The synthesis of Acacia Nilotica seed shell ash (ANSA)
The Acacia nilotica tree is grown in southern Iran. Acacia nilotica seed shells were collected from Bandar Abbas, Hormozgan, Iran, and were applied as a raw material for the preparation of surface modified adsorbent. The collected Acacia nilotica seed shells were washed and dried in an air oven at 80 W C for 24 h and were then ground and sieved to the desired particle size (2-3 mm). The resultant sieved powder was carbonized in a furnace at 700 W C at a heating rate of 10 W C/min for 2 h. The method for producing carbon materials was similar to other studies (Mane et al.
).
Synthesis of Ni 0.5 Zn 0.5 Fe 2 O 4 /ANSA As described in Figure 1 , Ni-Zn ferrite was initially prepared using stoichiometric ratios of metal nitrates and freshly extracted egg-white (Gabal et al. ) . and 2 g ANSA were dissolved together in a minimum amount of double distilled water to obtain a clear solution.
Sixty mL of extracted egg-white was dissolved in 40 mL of double distilled water by vigorous stirring and was added to the nitrate mixture at ambient temperature. After constant stirring for 30 min, the resultant sol-gel was evaporated at 80 W C until dry precursor was obtained. The dried precursors were ground and calcined in a muffle furnace at 550 W C for 2 h. The Pb(II) removal percentage was calculated as:
where C 0 and C t (mg L -1 ) are the concentration of Pb(II) in the solution at initial and equilibrium time, respectively. The amount of Pb(II) adsorbed (Q e ) was calculated using the following equation:
where C 0 and C e are the initial and equilibrium concen-
and V is the volume of solution (L). 
Adsorption isotherms
where C t is the concentration of Pb(II) ions in the solution at
). 
RESULTS AND DISCUSSION
Adsorption and removal of Pb(II) from aqueous solution
Effect of contact time
The effect of contact time on the amount of lead adsorbed was studied at 50 mg L -1 . It can be observed from Figure 6 that with the increase of contact time, the percentage adsorptions also increased. Minimum adsorption was 94.9% for 5 min to a maximum adsorption value of 98.0%
for 20 min. The adsorption characteristic indicated a rapid uptake of the lead. The adsorption rate, however, reduced to a constant value with an enhancement in contact time because all available sites were covered, and no active site was present for adsorbing.
Effect of pH
The acidity of the aqueous solution applies a considerable shown in Figure 7 , the adsorption rate of Pb(II) enhances with increasing pH values from 2 to 6. However, at a pH value of 5.9, the Pb(II) ions begin to hydrolyze and then form a small quantity of Pb(OH) 2 or Pb(OH) 3 À varieties (Huang et al. ) . Compared with Pb(II) ions, these species are unfavorable for adsorption, which accounts for the small reduction in the adsorption capacity. Therefore, the maximum adsorption occurs at around pH 5.0 and it is therefore selected for all adsorption experiments in this study.
Effect of adsorbent dosage
The effect of change in the adsorbent amount on the process 
Adsorption isotherms
Isotherms study can explain how an adsorbate interacts with an adsorbent. The experimental data were examined by Langmuir, Freundlich and Dubinin-Radushkevich (D-R) models, as shown in Table 1 .
The Langmuir isotherm model, which defines a monolayer adsorption, is given in Equation (4):
where q e ¼ the amount of Pb 2þ adsorbed per unit mass at equilibrium (mg g -1 ), q m ¼ the maximum amount of adsorbent that can be adsorbed per unit mass adsorbent (mg g -1
,
A plot of 1=q e versus 1=C e gives a straight line, with a slope of 1=K L q m and intercept 1=q m .
The main characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor R L that is given by Equation (5) (Hall et al. ) :
where C 0 is the highest initial concentration of adsorbate
) is the Langmuir constant. The value of R L shows the shape of the isotherm to be either unfa- The Freundlich isotherm is expressed by Equation (6).
This isotherm model defines a heterogeneous adsorption with different surface energy sites and assumes the change 
where C e (mg L -1 ) and q e (mg g -1 ) are the equilibrium concentration of adsorbent in the solution and the amount of adsorbent adsorbed at equilibrium, respectively; K F (mg 1-(1/n) L 1/n g -1 ) and n are the Freundlich constant, which indicate the adsorption capacity for the adsorbent and adsorption intensity, respectively.
A plot of log q e versus log C e gives a straight line of slope 1/n and intercept log K F . The value of 1/n indicates the adsorption intensity and the type of isotherm to be favorable (0.1 < 1/n < 0.5) or unfavorable (1/n > 2). The Freundlich parameter, 1/n, is related to the adsorption intensity of the adsorbent. When 0.1 < 1/n 0.5, the adsorption of the adsorbate is easy; when 0.5 < 1/n 1, there is a difficulty with the adsorption; when 1/n > 1, it is quite difficult to adsorb (Luo & Zhang ; Samiee & Goharshadi ) .
In our study, the value of 1/n (0.45) shows the favorable adsorption of Pb(II) on Ni 0.5 Zn 0.5 Fe 2 O 4 /ANSA.
In order to discern between physical and chemical adsorption, the sorption data were analyzed using the D-R equation, which is shown in Equation (7):
where β is a constant related to the mean energy of adsorption (mol 2 kJ À2 ), q m is the maximum adsorption capacity of metal ions (mg g -1 ), ε is the Polanyi potential given by Equation (8):
where R is the gas constant (8.314 J mol À1 K À1 ) and T is the temperature (K). By plotting ln q e versus ε 2 with experimental data, a straight line is obtained. From the intercept and slope, the values of q m and β are determined. With the value of β, the mean energy E, which is the free energy transfer of one mole of solute from infinity to the surface of adsorbent, can be obtained by Equation (9):
For E < 8 kJ mol À1 , the adsorption process might be performed physically, while chemical adsorption may occur when E > 8 kJ mol À1 (Tan et al. ) .
All the parameters are listed in Table 1 . From The adsorption capacity is a significant parameter which determines the performance of an adsorbent. 
Adsorption kinetics
In this study, pseudo-first-order and pseudo-second-order kinetics models were used to test the controlling mechanism of Pb(II) adsorption from aqueous solutions. Adsorption equilibrium was reached in 20 min ( Figure 5 ). The linear form of the pseudo first-order model and pseudo secondorder kinetics model can be explained as shown in
Equations (10) and (11), respectively:
ln q e À q t ð Þ¼lnq e À k 1 t (10)
where q e and q t are the adsorption capacities at equilibrium and at time t (min) respectively. k 1 (min À1 ) and k 2 (g/(mg.min)) are the pseudo first-order and pseudo second-order rate constants respectively (Ho ). The equilibrium experimental results did not conform well to the pseudo first-order model (Table 3) . The values of q e and k 2 can be calculated from the slope and intercept of the plot of t/q t versus t. The results listed in Table 3 show that the correlation coefficient is very high (R 2 ¼ 0.999). Moreover, the calculated equilibrium adsorption capacity was consistent with the experimental results.
These result indicated that the kinetics data were better described with a pseudo second-order kinetics model. adsorption. The process of water treatment described here is clean and safe using the magnetic nanoparticles. Thus, this adsorbent was found to be useful and valuable for controlling water pollution due to Pb(II) ions. 
CONCLUSIONS
